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In this issue of Cell Metabolism, Kaufman and colleagues (Back et al., 2009) elegantly demonstrate that
appropriate regulation of eIF2a phosphorylation improves glucose tolerance and b cell viability by preventing
the lethal buildup of oxidative damage due to unregulated synthesis, trafficking, and misfolding of proteins.The inability tomakeor use insulin properly
results in diabetes mellitus (DM), a meta-
bolic disease afflicting nearly 8% of the
U.S. population. The pathogenic basis for
DM is multifaceted, including both genetic
and environmental factors. DM, due to the
failure of islet b cells to make and/or
secrete insulin, is categorized as type 1,
whereas cellular resistance to the action
of insulin for maintaining glucose homeo-
stasis is classified as type 2. A detailed
understanding of the cellular and mole-
cular events leading to islet b cell dysfunc-
tion and death is necessary to devise
approaches to prevent disease develop-
ment as well as design effective cures for
those suffering with DM. Recent findings,
including those from Back et al. (2009)
published in this issue of Cell Metabolism,
offer important explanations forwhyproin-
sulin synthesis unleashed leads to b cell
failure via oxidative stress.
The rate of insulin secretion in b cells is
tightly controlled in response to nutritional
andhormonal cues. Thesecuesare quickly
integrated within the endoplasmic retic-
ulum (ER), where the rate of proinsulin
synthesis is regulated in balance with the
protein-folding and processing capacity
of the secretorypathway inbcells.Environ-
mental perturbations that disrupt nascent
polypeptide processing, assembly, and/or
transport within the ER organelle produce
ER stress. Cells sense these perturbations
in the ER by a triad of sensors that collec-
tively direct the unfolded protein response
(UPR) (Marciniak and Ron, 2006; Scheuner
andKaufman, 2008). A primary event coor-
dinatingUPR induction is the phosphoryla-
tion (Ser51) of the a subunit of eukaryotic
initiation factor 2 (eIF2a) by the PKR-like
ER kinase (PERK, also known as pancre-
atic eIF2 kinase, PEK, andEIF2AK3). Phos-phorylation of eIF2a (p-eIF2a) elicits a dual
response, involving the dampening of
global protein synthesis while at the same
time stimulating gene-specific translation
of ATF4 and other transcription factors
(Marciniak and Ron, 2006; Wek and Cav-
ener, 2007). Within the context of the
UPR, activation of PERK lowers the flux of
nascent proteins translocated into the ER,
allowing the transcriptional component of
the UPR, directed by ATF4 and other UPR
sensors, ATF6 and IRE1, to specifically
increase the folding, assembly, and degra-
dativecapacityof theERtomatch theclient
secretory load. The p-eIF2a can also be
enhanced bymany different stresses unre-
lated to the ER, which has led to transla-
tional control directed by PERK and the
related eIF2a kinases (GCN2, PKR, and
HRI) being collectively referred to as the
integrated stress response (ISR) (Harding
et al., 2003; Wek and Cavener, 2007).
Pancreatic b cells represent one of the
tissues most susceptible to oxidative
stress, due in part to low levels of antioxi-
dant gene expression alongside an envi-
ronment that produces reactive oxygen
species (ROS) through the respiratory
chain and during the creation of disulfide
linkages in insulin. The generation of free
radicals, which can be a consequence of
persistent hyperglycemia and/or exces-
sive intracellular levels of triglyceride and
nonesterified fatty acids that attack cellular
organelles, including the mitochondria,
leads to dysfunctional electron transport
and triggers cell death (Li et al., 2008).
The study by Back et al. (2009) explains
why defective p-eIF2a leads to b cell
failure. Previous attempts to delineate the
role of p-eIF2a in b cell function were
complicated by the fact thatmice express-
ing only the nonphosphorylated version ofCell MetabeIF2a (Ser51Ala) die shortly after birth
(Scheuner et al., 2001). To alleviate this
developmental defect, wild-type eIF2a
flankedwith loxPcassetteswasexpressed
in eIF2a-Ser51Ala mice, which restored
translational control and rescued the
developmental phenotype. Using an
elegant breeding scheme, an estrogen
receptor-Cre recombinase fusion protein
was then expressed in these mice under
the regulation of the rat insulin II promoter.
Importantly, thisgeneticarrangement facil-
itatedCre-mediateddeletionspecifically of
the wild-type version of eIF2a in the
pancreatic b cells of adult mice, allowing
the investigators to delineate the contribu-
tion of developmental processes to b cell
failure from those triggered by stress.
Loss of the p-eIF2a in b cells elicited a dia-
betic phenotype, coincident with unfet-
tered synthesis of proteins and disruption
of the UPR. This was accompanied by
enhanced ROS, distention of the ER and
mitochondria, impaired protein trafficking,
and enhanced apoptosis. Further support-
ing the relationship between ISR-mediated
translational control and redox homeo-
stasis, treatment of the mice expressing
only eIF2a-Ser51Ala in their b cells with
the antioxidant butylated hydroxyanisole
alleviated b cell apoptosis and improved
glucose tolerance.
These findings support amodel inwhich
the function of the secretory pathway is
determined both by the level of p-eIF2a
gene-specific translation and the rate of
global protein synthesis (Figure 1). In this
model, a certain level of basal p-eIF2a is
required for normal b cell function in order
to ensure appropriate translation levels
and optimal expression of b-cell-specific
and stress response genes to address
frequent, consecutive pulses of ER stress,olism 10, July 8, 2009 ª2009 Elsevier Inc. 1
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environment reactive to meal
feeding. A dynamic but
balanced range of respon-
siveness is optimal for
successful adaptation to cell
stress (labeled the ‘‘adaptive
zone’’). In the adaptive zone,
p-eIF2a-driven ISR and the
UPR are adjusted moderately
alongside proportional regu-
lation of general protein
synthesis and gene expres-
sion tomanagechanges in the
ER client load. Hypo- or hy-
perphosphorylation of eIF2a
outside the adaptive zone
signals extremes in transla-
tional control and cellular
demise (labeled the ‘‘danger
zone’’). Loss of p-eIF2a is
highly problematic once
global protein synthesis is
unleashed, because chaper-
ones and other factors re-
quired to handle an increased
client load in the secretory
pathway are not available,
due to the impaired ISR and
UPR. The net result, clearly
demonstrated in the current
highlighted paper, is a fatal
buildup of ROS in b cells.
Conversely, excessively high
p-eIF2a left unmitigated
causes the buildup of pro-
apoptotic signals from JNK
and the ATF4-targeted gene CHOP
(Marciniak and Ron, 2006; Oyadomari
et al., 2002; Scheuner and Kaufman,
2008; Song et al., 2008). A good example
of this situation is the Akita mouse, a
form of type 2 diabetes produced by a
mutation that disrupts a disulfide bond
between A and B chains of insulin. These
mice have a reduced b cell mass due
to chronic ER stress activating b cell
apoptosis through CHOP (Oyadomari
et al., 2002). This model also explains
why treating primary b cells with salubri-
nal, a chemical inhibitor of eIF2a dephos-
phorylation, exacerbates free fatty acid-
induced ER stress and b cell death (Cnop
et al., 2007). The combined treatments hy-
peractivate p-eIF2a, pushing cells further
into the danger zone. The
current highlighted paper
contributes importantly to
this model and offers mecha-
nistic insight into the preven-
tion and treatment of both
type 1 and type 2 diabetes
as well a broad range of
other diseases, including
cancer, neuropathologies,
and cardiovascular disorders.
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Figure 1. A Balanced Range of p-eIF2a Promotes Successful
Adaptation to Cellular Stress
In response to stress arrangements, such as those afflicting the ER organelle
in b cells, increased p-eIF2a signals lowered global translation. Coincident
with this global translational control, there is preferential translation of ATF4,
a transcription factor that supports the UPR by altering gene expression so
as to expand the folding, assembly, and degradation processes in the ER
secretory pathway. The figure highlights the reciprocal regulation between
increasing p-eIF2a (in black) and decreasing levels of translation (in blue).
The adaptive zone (yellow zone) represents the dynamic range of the inte-
grated stress response (ISR), as cells encounter stress, enlisting p-eIF2a,
which signals an adaptive response that blocks cell damage and mitigates
the stress. In situations of hypo- or hyperphosphorylation of eIF2a (bright to
dark red zones), the extremes in translational control can lead to oxidative
damage and apoptosis.2 Cell Metabolism 10, July 8, 2009 ª2009 Elsevier Inc.
